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Abstract 
Malmström, A. 2006. Effects of wildfire and prescribed burning on soil fauna in boreal 
coniferous forests. Doctor’s dissertation.  
ISSN 1652-6880, ISBN 91-576-7260-1 
 
Fire is considered as the most important disturbance agent in many ecosystems. In northern 
Europe, fire suppression is today highly effective. This has led to a reduction of species that 
are dependent on fire for their long-term survival. Above ground positive responses of 
animal diversity to fire are common, whereas the knowledge of the responses of soil fauna 
to fire is fairly poor. The main aim of this thesis was to determine effects of wildfire and 
prescribed burning on survival and recovery of soil mesofauna. Other aims were to 
determine the effects of fire severity and, of distance to unburnt plots on recovery rates, and 
to estimate the lethal temperatures of common species.  
  Two wildfires and two prescribed burns were studied for three to five years. In the 
wildfires, soil fauna was studied in transects from the unburnt forest to the fire centre. The 
two prescribed burns had different experimental design, one block experiment (burnt clear-
cut, unburnt clear-cut and forest) and one experiment in which fire severity was 
manipulated by addition of different amounts of felling residues.  
  All soil fauna species responded with decreased abundances one week after burning. This 
decline can partly be explained by high temperatures, because most microarthropod species 
cannot survive temperatures above 36-40 ºC, which can be reached several centimetres 
below the charred soil surface. Long-term recovery rates differed between soil fauna groups 
and between different fire severities. In fires with light severity, total abundance of 
Collembola and, in one case, Mesostigmata, recovered within one year. In fires with 
moderate to strong severity, almost all animal groups needed more than five years to 
recover as regards abundance and species number. Surface-living species were more 
affected by fire than species living deeper in the soil. Only a few species had significantly 
higher abundances 3-5 years after moderate/strong burning, whereas most species studied 
had recovered 5 years after light burning. Consequently, fire severity (burn depth) seems to 
be a decisive factor explaining survival and recovery rate of soil mesofauna, and this factor 
should be considered when fire effects on soil organisms are evaluated in forthcoming 
studies.  
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Appendix 
Papers I-IV 
The present thesis is based on the following papers, which will be referred to by 
their Roman numerals: 
 
I.  Malmström, A., Persson, T., Ahlström, K., Gongalsky, K. & 
Bengtsson, J. Dynamics of soil meso-and macrofauna during a 5-
year period after clear-cutting and clear-cut burning in a boreal 
forest. (Manuscript). 
II.  Malmström, A. Soil fauna recovery after wildfire – effects of fire 
severity and distance to unburnt forests. (Manuscript). 
III.  Malmström, A., Persson, T. & Ahlström, K. Effects of fire intensity 
on survival and recovery of soil mesofauna after a clear-cut burning. 
(Manuscript). 
IV.  Malmström, A. Temperature tolerance in soil microarthropods. 
Simulation of forest-fire heating in the laboratory. (Manuscript). 
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Introduction 
Background 
Disturbance 
Begon, Harper and Townsend (1990) define disturbance as “any relatively discrete 
event in time that removes organisms and open up space which can be colonised 
by individuals of the same or different species”. Traditionally, undisturbed 
ecosystems were supposed to develop towards stable “climax” systems (Clements, 
1936; Odum, 1969). Today, natural disturbances are viewed as integral parts of 
ecosystems and essential for their dynamics. A recent view of disturbances as 
parts of ecosystems is “the ecosystem renewal cycle” (Holling et al., 1995; 
Peterson, Allen & Holling,1998; Bengtsson et al., 2000). According to this theory, 
ecosystems pass through four phases. The first two are equivalent with the 
classical succession theory, namely the exploitation (1) and conservation (2) 
phases. The two “new” phases are called the release or disturbance phase (3), in 
which the climax is broken down, and the reorganisation phase (4) during which 
the community reorganises. Biodiversity is very important during the succession 
and reorganisation phases, because a high number of species means that there are 
many species that can recolonise the disturbed area and make sure that the cycle 
continues (Bengtsson 2002).  
 
Natural disturbances create a heterogeneous landscape and consequently they also 
create new niches. As they are a natural part of the ecosystem dynamics, most 
species are adapted to either survive disturbances, or to recolonise the disturbed 
area (Bengtsson 2002). Some disturbances are synchronized, or phased, over big 
areas. A forest fire may, e.g., destroy a wide area of a climax community. The 
whole area then proceeds through a more or less synchronized succession, with 
diversity increasing through the early colonization phase and falling again through 
competitive exclusion as the climax is approached. Other disturbances are much 
smaller and lead to a patchwork of habitats. If those disturbances are unphased, the 
result will be a mosaic of patches at different stages of succession. A climax 
mosaic like this is much more diverse in species than a big area undisturbed for a 
long time and occupied by just a few dominant climax species (Begon, Harper & 
Townsend, 1990). The intermediate disturbance hypothesis suggests that diversity 
is highest when disturbances have an intermediate frequency (Begon, Harper & 
Townsend, 1990). Natural disturbances tend to occur as pulses followed by a 
regeneration phase. Disturbances can be characterised by their frequency, 
duration, size or spatial extent, and their intensity or severity. Usually they have 
characteristic temporal and spatial scales (Holling et al., 1995).  
 
Fires are considered the most important disturbance agent in many ecosystems 
including forest (Jonson, 1992, Granström, 2001), Australian woodlands (Hobbs 
& Atkins, 1990), grasslands (Hartnett, 1991; Pyne, Andrews & Laven, 1996), 
savannas (Swaine, 1992), and Mediterranean systems (Liacos, 1977; Ferreira de 
Almeida & Vilaca y Moura, 1992). In Swedish boreal forests, fires used to occur 
in intervals of 50-200 years before fire suppression started in the 19
th century 
(Zackrisson, 1977; Engelmark, 1984).   
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Today, fire suppression in Fennoscandia is so effective that the amount of burnt 
substrate has decreased tremendously (Granström, 2001). This has lead to a 
decrease of species that are dependent on fire for their long-term survival, either 
directly (so called pyrophilous species) or indirectly by being favoured by the 
disturbance. Many of the fire-dependent species are considered threatened and are 
included in the national Red List (Gärdenfors, 2005). In order to maintain these 
species, prescribed burning for conservational reasons are becoming more 
common (Hörnsten, Nohlgren & Aldentun, 1995; Granström, 2001). To be able to 
manage biodiversity with prescribed burns, knowledge about the wildfires these 
try to mimic is needed. It is therefore important that we understand community 
responses to natural fires, as well as if these responses are similar to prescribed 
burns.  
 
Prescribed burning  
Pyne, Andrews and Laven (1996) defined wildfires as fires ignited by lightning 
and other natural causes or unintentionally by human actions. A prescribed fire is 
a fire burning with certain prescriptions resulting from planned ignition (DeBano, 
Neary & Ffolliott, 1998).  
 
In some places, mainly in the USA and in the Mediterranean region, prescribed 
burning is used to control the accumulation of woody debris (Meffe & Carroll, 
1994). In Scandinavia, prescribed burning of clear-cuts is an old forest 
regeneration method (Hörnsten, Nohlgren & Aldentun, 1995). This method is 
especially used in places with thick raw humus layer in order to improve the 
quality of the soil and to uncover it for the seedlings. Today, prescribed burning is 
not very common, and when it occurs small areas are normally burnt. Forest 
companies in northern and central Sweden are scheduled for about 4000 hectares 
of prescribed burning per year (5% of the cut area on dry and mesic forest land, 
averaged over a five-year period) (Granström, 2001).  This type of burning aims at 
restoring habitats for animals and plants, provide good grazing for animals, and to 
keep an open landscape (Hörnsten, Nohlgren & Aldentun, 1995).  
 
Naturally occurring wildfires differ in many ways from prescribed burning. 
Lightning ignitions are rare in the boreal region (0.05-0.25 per 10,000 ha per 
year), they peak in late June and early July and they tend to occur after prolonged 
drought (Granström, 2001). As a consequence, they tend to burn deeply into 
organic soil layers and not differentiate between forest types (Granström, 2001). 
Anthropogenic fires have, on average, occurred earlier in the season and during 
less severe drought than natural fires. A prescribed fire is normally designed to 
burn less hard than a wildfire. Severities of prescribed fires are usually low to 
moderate. Low severity fires normally burn the ground cover and spread to the 
herbaceous plants, while leaves, stems and tops of the trees are left largely unburnt 
(DeBano, Neary & Ffolliott, 1998). Wildfires can be much harder and more 
intense. The result is often more heterogeneous because some areas burn twice and 
some not at all. In this mosaic, a lot of dead or dying wood will appear.  
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Fire effects on organisms 
Burning normally reduces the number of organisms on a short-term basis, and fire 
severity measured as depth of burn seems to be an important factor affecting soil 
living organisms. Burning has been shown to reduce mycorrhiza (Dahlberg et al., 
2001), and species richness was reduced with increasing fire severity. Fire 
intensity directly controls the survival of all above-ground vegetation (Schimmel, 
1993), while depth of burn is more important to the survival of the understorey 
vegetation (Schimmel & Granström, 1996). Generally, the mortality of ground-
living arthropods seems directly related to the combustion of the litter and organic 
soil during the fire (Bellido, 1987). The number of invertebrates generally 
decreases after fire (Lyon et al., 1978; Muona & Rutanen, 1994; Wikars, 1995; 
Saint-Germain et al., 2005; Buddle et al., 2006). Either the animals or their eggs 
are directly killed by the flames or by heat of the fire, or their food and shelter may 
be destroyed (Lyon et al., 1978).  
 
The majority of the pyrophilus species in the boreal forest is insects and fungi 
(Esseen et al., 1997). Certain fungal species have been referred to as post-fire 
fungi, and are producing sporocarps almost exclusively in post-fire environments 
(Wikars, 2001). Ascomycetes are favoured over Basidomycetes. Pyrophilous 
insects can be dependent on substrates created by fire such as burnt wood (Wikars, 
2001). Species could also have become behaviorally tied to fires as a means of 
mate finding (Wikars, 1992). They can also be adapted to burnt forest due to 
warmer microclimate and reduced competition (Wikars, 2001). Pyrophilous 
organisms in the boreal forest must have been under extreme selection for 
dispersal in time or space, since large distances between burns was typical in the 
past (Granström, 2001). Fire-dependent plant species, which rely on seed- or 
spore-banks, would need to have long-lived propagules that can survive between 
fires (Granström, 2001).  
 
Fire effects on soil organisms 
Most of the studies made on how biodiversity is affected by forest fires concern 
plants (Zackrisson, 1977; Schimmel, 1993; Schimmel & Granström, 1996; Linder, 
Jonsson & Niklasson, 1998) and beetles (Lyon et al., 1978; Muona & Rutanen, 
1994; Wikars, 1995; Saint-Germain et al., 2005). A huge part of the organisms in 
the boreal forest is, however, living below ground. The soil is considered to 
contain one of the most diverse assemblages of living organisms (Giller, 1996).  
 
Earlier studies have shown that fire usually reduces the total abundances of soil 
animals (Heyward & Tissot , 1936; Pearse, 1943; Karppinen, 1957; Huhta et al., 
1967; Huhta, Nurminen & Valpas, 1969; Metz & Farrier, 1973; Metz & Dindal, 
1975; Lucarotti, 1981; Tamm, 1986; Koponen, 1989; Koponen , 1995; Broza & 
Izhaki, 1997; McCullogh, Werner & Neumann, 1998; Wikars & Schimmel, 2001).  
 
The duration of the fire effect and the recovery rate of the soil fauna community 
after a fire is, however, poorly understood. Huhta et al. (1967, 1969) found that 
collembolans recovered already during the second year after burning in a 
coniferous forest soil in Finland. Enchytraeids and oribatid mites did not recover 
in abundance in six years, while other Acarina than oribatid mites reached  
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numbers higher than in the control, the third year after fire. Broza and Izhaki 
(1997) found that the microarthropod community in forest soils in Israel did not 
recover during five years. Koponen (1995) could not see any dramatic effect on 
microarthropod numbers after fire in a subarctic birch forest in Finnish Lapland, 
although the numbers on the burnt sites were always lower than in the control. 
Lucarotti (1981) investigated a chronosequence of lichen woodland soils of 
different ages after burning. He found higher numbers of Collembola at the site 
that had burnt 4 years ago than at the control site that had not burnt in 137 years. 
The mites also started to increase at the 4-year-old site.  
 
None of the previously mentioned studies tried to determine recovery at the 
species level. Total abundances have been shown to be an insufficient measure of 
recovery (Lindberg & Bengtsson, 2006). Karppinen (1957) is an exception in 
studying the recovery of individual oribatid species in a fire field in Finland. 
Haimi, Fritze and Moilanen (2000) found a clear difference in the community 
structure of collembolans because of ash addition and fire, but not in total 
abundances. This clearly shows the importance of a high resolution to detect 
changes in communities after a disturbance.  
 
Generally, the mortality of ground-living arthropods seems to be directly related to 
the combustion of the litter and organic soil during the fire (Bellido, 1987). In 
spite of this, only a few studies take fire severity into account (Bellido, 1987; 
Hening-Sever, Poliakov & Brozoa, 2001; Wikars & Schimmel, 2001). No study 
has determined the effects of fire severity at the species level or how fire severity 
affects recovery rates. Other factors that could affect recovery rates are dispersal 
from unburnt areas but, to my knowledge, no studies have been made on this 
subject. Most studies are made some time after the fire, often several months. This 
makes it hard to distinguish between direct effects of fire, like heat or hazardous 
gases, from indirect effects like post-fire drought or starvation.  
  
Defining fire effects 
The lack of clear definitions of variables in fire ecology has been a problem. For 
example, the terms fire intensity and fire severity are commonly mixed up in the 
literature. I have based on more recent literature used the following definitions: 
Fire frequency is the number of fires in a specified time and area (DeBano, Neary 
& Ffolliott, 1998). Fire interval is the time between two successive fires in a 
designated area (DeBano, Neary & Ffolliott, 1998). Fire intensity refers to the rate 
at which a fire is producing thermal energy and can be measured in terms of 
temperature and heat release (DeBano, Neary & Ffolliott, 1998). Fire severity is 
usually measured as depth of burn and is a term that describes ecosystem response 
to fire (DeBano, Neary & Ffolliott, 1998). I have chosen to measure fire severity 
as depth of burn and destruction of the organic soil layer. To classify the fires, I 
have used the classification categories suggested by Ryan (2002). This 
classification is easy to use even when actual measures of the humus thickness 
before and after the fire are not possible, like at wildfire sites.  
In this thesis, I have studied recovery rates of soil fauna communities after fire 
disturbances. In this case, I have chosen to use the term recovery when there are 
no significant differences from the control. That means that when no significant  
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differences was found between the fire treatment and the control in some faunal 
variable measured, I have defined it as recovered.  
 
 
Aims 
The general aim of this thesis was to investigate the effects of fire, both wildfires 
and prescribed burns, on soil fauna, both on taxonomic groups and individual 
species. The specific aims were to:  
 
1.  Determine soil fauna recovery over time, both as total abundances, 
abundance of individual species, species numbers, diversity (papers I, II 
and III) and foodweb structure (paper I).  
 
2.  Determine soil fauna recovery over time as affected by distance to 
unburnt areas (paper II). 
 
3.  Determine the effect of fire severity (burn depth) on soil fauna survival 
(paper III) and recovery (papers II and III). 
 
4.  Determine heat sensitivity and lethal temperatures for humus-dwelling 
soil microarthropods (paper IV).  
 
 
 
Material and methods 
Sites and treatments 
The studies included in this thesis concern two wildfires and three clear-cuts with 
prescribed burns. The sites used are shown in Fig. 1.   
 
Bjuråker 256 
Bjuråker 256 (paper I) is a fire experiment with burnt clear-cut, unburnt clear-cut 
and uncut forest in two replicated blocks. Bjuråker 256 is located in central 
Sweden and was a 120-year-old forest consisting mainly of (2/3) of Scots pine 
Pinus sylvestris (L) and (1/3) Norway spruce, Picea abies (L) Karst., before clear-
felling. The clear-cutting took place in March 1999, and half of the clear-cut was 
burnt in June the same year. The burning combusted practically all vegetation, 
harvest residue and litter. On average, 34 (SD=30) mm of the top litter and humus 
layer was burnt off (Eva Ring, pers. comm.). The 40 mm humus layer was reduced 
by, on average, 12 (SD=10) mm. The fire was classified as a moderate fire 
according to Ryan (2002).  
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Fig. 1. Map of Sweden with the locations of the field experiments used in this thesis. 
 
Tyresta 
Two wildfires, one big and one small, took place in, or close to, Tyresta Natural 
Park and Nature Reserve situated 20 km south of Stockholm in central Sweden 
(paper II). The area is heterogeneous because of numerous fissure valleys. A 
sparse forest of Scots pine and common silver birch (Betula pendula Roth) is 
growing on the rocky outcrops, whereas the wetter mire elements are to a large 
extent covered by Scots pine and hairy birch (Betula pubescens Ehrh.). The pine 
forest affected by fire was dominated by 150-300 year-old trees and had never 
been affected by large-scale forestry.  
 
The big wildfire started on 1
 August 1999 and continued until August 10. During 
this time, 450 hectares of pine forest burned. The shallow organic soils on the 
bedrock were to a large extent burnt away, whereas the peat soils in the moist 
depressions were reduced, but seldom completely burnt. The fire was classified as 
a moderate to deep fire according to Ryan (2002). A line transect that represented 
a gradual increase in distance from forest edge was established, 30 m, 150 m, 300 
m (L. Wikars unpublished data). At the end of this transect, two plots with 
contrasting fire severity were chosen. The light-burnt plot, had lesser burning  
  13 
depth than the other plots. The other plot (hard-burnt) was placed in an intensively 
burnt area affected by crown fires.  
 
The small wildfire (22 hectares) occurred close to the 1999 big fire in 2001. The 
fire area is situated on a hill just outside the nature reserve. The small fire was not 
as intense as the big fire. This fire provided an opportunity to take soil samples to 
study effects of fire on soil microarthropods the first years after a wildfire and also 
an opportunity to somehow replicate the study of the first fire. The fire was 
classified as a light fire according to Ryan (2002). Two replicated line transects 
were placed at a distance of about 200 m from each other. Both transects consisted 
of three plots, of which one was located in the unburnt forest, one was located in 
the fire area about 30 m from the forest edge and the third was located in the 
central part of the area, about 100 m from the forest edge.  
 
Tierp 
Two clear-cuts situated outside Tierp in eastcentral Sweden were burnt for 
conservational reasons by the forest company Stora Enso. The first site (Tierp 1) 
was used to study the effects of fire severity on survival and recovery of soil fauna 
(paper III). The second site (Tierp 2) was used to sample individuals used for a 
laboratory experiment on temperature tolerance of soil microarthropods (paper 
IV). No unburnt clear-cut was left, but the nearby, unburnt forest was used as a 
control.  
 
The original tree stand in Tierp 1 consisted of 100-120 year-old Scots pine and 
Norway spruce. It was clear-cut in early 2001 and was burnt in May 2002. The 
area was interrupted by shallow depressions with wet soil grown with Carex spp. 
and Spagnum mosses. The field vegetation on the clear-cut was dominated by 
bilberry, Vaccinium myrtillus L. and the bottom vegetation consisted mainly of the 
forest moss Hylocomium splendens (Hedw.) B.S.G. To study the effect of fire 
severity, hard-burnt plots and light-burnt plots were established. To manipulate 
fire severity, harvest residues were added as fuel or were entirely removed from 7 
pairwise experimental plots. The fire was classified as a light fire according to 
Ryan (2002).  
 
The original tree stand at Tierp 2 consisted of 107-year-old Scots pine, Pinus 
sylvestris (L), and Norway spruce Picea abies (L) Karst., and was clear-cut in 
2002. The field vegetation on the clear-cut was dominated by bilberry, Vaccinium 
myrtillus  L. and the bottom vegetation consisted mainly of the forest moss 
Hylocomium splendens (Hedw.) B.S.G.  
 
Sampling and identification 
In this thesis mainly microarthropods, but also enchytraeids (paper I) and 
macroarthropods (paper I) were studied. Among the microarthropods Collembola, 
Protura and Mestostigmata were enumerated in all areas studied. Oribatida was 
studied in paper I and paper III and Prostigmata and Astigmata were only 
investigated in paper I.  
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Microarthropods samples were taken with a steel frame down to the first cm of the 
mineral soil. The animals were extracted using Tullgren funnels (papers I-IV). 
Enchytraeid samples (paper I) were extracted in modified Baermann wet-funnels 
(O’Connor 1962). Macroarthropods and earthworms (paper I) were extracted 
using Tullgren funnels. 
 
In Bjuråker 256 and Tyresta, animals were usually collected during the autumn 
(September to November), and in Tierp 1 and 2 samples were mainly taken during 
springtime. In all experiments except Tierp 2, samples were taken during 
successive years (Fig. 2).  
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Fig. 2. Sampling years for the different experimental sites. The most severe fire is ranked as 
5, the second most severe as a 4 and so forth. BF=big fire, SF=small fire.  
 
For Enchytraeidae, Collembola and adult Oribatida, identification to species was 
done in most cases. Mesostigmatid mites were identified to species when possible, 
in other cases to genus or family. Prostigmatid mites were identified to family. The 
large macroarthropods were counted and identified to group level (family or 
order).  
 
Measures of community diversity and composition 
Community parameters such as total abundances (microarthropods, enchytraeids 
and macroarthropods), abundance of individual species (Collembola, Oribatida, 
Mesostigmata, Enchytraeidae), species numbers (Collembola, Oribatida, 
Mesostigmata) and diversity indices (Collembola, Oribatida) were measured.  I 
used Simpson’s index of diversity (1/D) and Simpson’s measure of evenness (E1/D 
= (1/D)/S, where S is the number of species in the sample) (Magurran, 2004). In 
addition the mean number of species per plot was calculated, and to adjust for 
differences in sample size (no. of individuals) a rarefaction analysis was made 
(papers I, II and III). Furthermore, variation in community composition of 
microarthropods between treatments was analysed by ordination, using Principal 
Component Analysis (PCA) (papers II and III).  
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Statistical analyses 
The two wildfire areas in Tyresta (BF and SF) can be considered as natural 
experiments (Diamond, 1986), and were analysed as if “treatments” had been 
planned in advance, despite the fact that I had no control over the treatments. A 
drawback of natural experiments using, e.g., natural wildfires, is the low degree of 
control over fire intensity and replication (see Parr & Chown, 2003). This is in 
some sense also true for prescribed burns, since even if the experiments are 
planned, the fire intensity is hard to control. When it comes to fires, the fire in 
itself is also very heterogeneous and two fires will never behave the same way. 
 
A common problem with large-scale natural experiments undertaken in natural 
landscapes is that they are almost impossible to replicate, usually owing to lack of 
funding, logistic constrains and/or the heterogeneity of ecosystems (Carpenter, 
1990; Parr & Chown, 2003). In my case, I had no opportunity to make my own 
burnings. Prescribed burns are very expensive and labor intense, and as a 
consequence I have used clear-cuts that was burnt by others. In Bjuråker 256, I 
used a fire experiment set up by Skog Forsk. In Tierp 1, I used a clear-cut that was 
burnt by the forest company Stora Enso, as part of their certification program. This 
meant that no unburnt clear-cut was saved in the latter experiment, and as a 
consequence, no real control was obtained.  
 
The faunal variables were analysed with repeated measure ANOVA with an 
autoregressive covariance structure of order one, AR(1) (papers I, II and III). The 
direct effects of fire severity (paper III) was analysed with a two-way ANOVA. 
All analyses were done with ln (X+0.1) transformed data. To examine if surface-
living species and groups were more affected by fire than those living deeper 
down in the soil, the percentage survival after burning was related to the 
proportion of individuals in the group or species that was living in the litter and 
fragmented litter layer of the soil in the samples from the unburnt clear-cut (paper 
III). This was done using the Spearman rank correlation method. To determine 
lethal temperatures for soil microarthropods (paper IV) dose-response curves were 
generated for Collembola and Oribatida. Differences in survival between different 
temperatures were also analysed using one-way ANOVA (Collembola, Oribatida, 
Mesostigmata). For proturans and individual species there were too few 
individuals to do an ANOVA and instead a Kruskal Wallis test was used.  
 
The experiments in Bjuråker 256 and Tyresta SF, has two blocks and three 
treatments (n=2). In Tierp 1 seven blocks burnt with pair-wise plots burnt with 
different severity was used (n=7). In Tyresta BF, no replication was possible 
(n=1), and instead I used the individual samples from each plot as replicates. It 
must be noted that this is not a true replication of treatment effects, and can only 
indicate possible fire effects which may be confounded by other differences 
between the plots (Hurlbert, 1984). This means that the interpretation and 
generality of the present results can be questioned until confirmed (or rejected) in, 
for example, a meta-analysis of a number of wildfire studies (hitherto not 
undertaken), as discussed by Parr and Chown (2003). Nonetheless, I strongly 
argue that the present study contributes important data points for such an analysis 
in the future.  
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Results and discussion 
Direct effects (Paper III) 
All animal groups studied reacted with a decrease in total abundance one week 
after fire. Oribatid mites showed the strongest decrease in total abundances, 
followed by collembolans, proturans and mesostigmatid mites (Tab. 1). A 
significantly negative Spearman rank correlation between percentage occurrence 
in the litter and fragmented litter fraction of the sample and survival after burning 
was found for all microarthropod groups, except Mesostigmata (Tab. 1). Since no 
species were determined for proturans, this correlation was not possible to do for 
this group.  
 
No difference in Simpson’s diversity index could be found between the different 
fire treatments (H vs. L), but the diversity index was reduced compared to the pre-
fire situation for both Collembola and Oribatida. Simpson’s evenness decreased at 
hard-burnt plots for Collembola and increased at both light- and hard-burnt plots 
compared to the clear-cut before burning for Oribatida. This result can be 
interpreted as an increased dominance of dominant species for Collembola and a 
decreased number of rare species for Oribatida. For both groups, the number of 
species was reduced at the burnt sites, and the difference was still seen after a 
rarefaction analysis.  
 
The effect of fire was strongest on species and groups living near the surface. 
Species living in the vegetation and in the upper soil layer will suffer from fire 
regardless of severity. The risk of being consumed by fire is great, and the heat at 
the surface is often several hundred degrees centigrade (DeBano, Neary & 
Ffolliott, 1998). Fire severity is increasing in importance for animals living deeper 
in the soil and that are able to migrate downwards during the fire. A more intense 
fire will release more heat into the soil (Steward, Peter & Richon, 1990) and, thus, 
kill more animals.  
 
Table 1.  Survival of soil fauna groups one week after the clear-cut burning at Tierp 
expressed as % of the abundances one week before burn in relation to burning severity 
(light burn and hard burn) and microhabitat (% in the litter/fragmentation layer in relation 
to the whole organic layer). L=light burn, H=hard burnt 
 
 % 
surviva
l L 
% 
surviva
l H 
% in 
LF 
layer 
Spearman’s 
rho  and p-
values L 
Spearman’s 
rho and p-
values H 
N=no. 
spp/taxa 
Oribatida 13  3  73   rs=-0.331, 
p=0.015 
rs=-0.345,  
p=0.011 
54 
Collembola  23   7   60   rs=-0.496, 
p=0.006 
rs=-0.552,  
p=0.006 
23 
Protura  57   48   57   -  -  - 
Mesostigmata  55   53   55   rs=-0.028, 
p=0.909 
rs=-0.401, 
 p=0.085 
19 
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Fire severity (papers II and III) 
In the big fire in Tyresta, all animal groups studied had lower abundances in the 
burnt plots than in the unburnt forest (Fig. 3). All animal groups also occurred in 
lower numbers in the hard-burnt plot than in the light-burnt plot. The samples 
were taken 2-4 years after the fire. Thus, there might have been initial effects of 
fire on total abundances that cannot be seen in this study.  
 
Hard-burnt plots had lower diversity and a lower evenness value for Collembola 
than light-burnt plots and unburnt forest. The species number was lower at burnt 
plots than in the unburnt forest, but no difference was found between the different 
plots within the fire area.  
 
In Tierp 1, there were clear direct effects of fire intensity on Collembola and 
Oribatida. After the initial effect, no difference could be detected between the two 
fire treatments. This is probably due to the fact that there was no difference in 
humus combustion between the two fire treatments in Tierp 1 (paper III). At the 
hard-burnt plots extra fuel was added, which resulted in a more intense fire that 
produced more heat. After the initial difference in fire intensity with more heat 
being transported down into the soil in the hard-burnt treatment, the animals on 
the hard-burnt plots were able to recover to the same extent as in the light-burnt 
plots. However, the extra heat did not seem to combust extra humus, probably 
because of high moisture in the humus layer. 
 
To conclude, there were clear direct effects of fire severity on the organisms 
studied, but these effects only remained to a smaller extent 2-4 years after fire. 
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Fig. 3. Mean abundances (+S.E.) of Collembola, Protura and Mesostigmata in different 
treatments in the big-fire area in Tyresta in 2001-2003. Control = unburnt forest, Light burn 
=less severe fire, and Hard burn = more severe fire.  
 
Recovery over time (papers I, II and III) 
Total abundances 
Different microarthropod groups showed different patterns in recovery of total 
abundances (Figs 4-7). For Collembola, no sign of recovery 5 years after the fire 
could be detected in Bjuråker 256 and Tyresta big fire (BF) (Fig. 4). In the Tyresta 
small fire (SF), on the other hand, no differences could be seen between the 
unburnt forest and the burnt treatments three months after fire. In Tierp 1, no 
unburnt clear-cut was left after the fire. The total abundances in the nearby forest 
did not differ significantly from those in the burnt clear-cut five months after 
burning after a marked increase in numbers of Collembola in the burnt area. The 
results from Tierp 1 show that a fast recovery of total abundances is possible after 
a light fire.  
 
Mesostigmatid mites responded in a similar way as Collembola (Fig. 5), with a 
recovery of total abundances in Tierp 1. No recovery of total abundances could be 
found in Bjuråker 256, Tyresta BF or Tyresta SF. Proturans (Fig. 6) and oribatid  
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mites (Fig. 7) responded with more dramatic decreases to fire disturbances than 
collembolans and mesostigmatid mites. Oribatida were not studied at Tyresta.  
 
In Bjuråker 256 and Tierp 1, the effect of clear-cut burning was studied. In 
Bjuråker 256, the burning effect could be separated from the clear-cut effect 
because of the experimental set-up with an unburnt clear-cut. This was not the 
case in Tierp 1, where the whole clear-cut was burnt by the forest company, 
StoraEnso, as part of their certification program. In Bjuråker 256, no difference in 
total abundances between the unburnt forest and the unburnt clear-cut could be 
found for Collembola, Protura or Mesostigmata. Similar results were reported in 
Finland, where clear-cutting and gap felling did not seem to affect total 
collembolan numbers (Siira-Pietikäinen et al., 2001). In earlier studies in Finland, 
done at the same latitude, collembolan numbers increased three years after clear-
cutting, followed by a return to control numbers. Modest changes (Huhta, 1976) 
and decreases of mesostigmatid mites (Bengtsson, Persson & Lundkvist, 1997; 
Bird & Chatarpaul, 1986; Blair & Crossley, 1988) have been reported in earlier 
studies.  
 
Oribatid mites reacted with a decrease in total abundances after clear-cutting in 
Bjuråker 256. This is in agreement with other studies, which all indicate a shorter 
or longer decline for this group after clear-cutting (Huhta et al. 1967; Huhta, 
Nurminen & Valpas, 1969; Vlug & Borden, 1973; Huhta, 1976; Abbott, Seastedt 
& Crossley, 1980; Bird & Chatarpaul, 1986; Blair & Crossley, 1988; Marshall, 
2000; Lindo & Visser, 2004). Still five years after the clear-cutting at Bjuråker 
256, no sign of recovery could be seen in oribatid mites. This indicates that a 
recovery would not be expected at the burnt sites in comparison with the unburnt 
forest in Tierp 1 several years after clear-cutting. The dramatic reduction in 
oribatid mites in the burnt clear-cut is probably a combination of clear-cut and 
burning effects. Total numbers of oribatid mites recovered, at least partly, at the 
burnt clear-cut in Bjuråker 256 in comparison with the unburnt clear-cut in 2004. 
This was entirely due to an increase in one species, Oribatula tibialis, and is not a 
general recovery. 
 
Enchytraeidae increased in the unburnt clear-cut, but decreased in the burnt clear-
cut in Bjuråker 256 (paper I). The total abundances at burnt and unburnt clear-cut 
approached each other three years after burning, but some more years of study is 
needed to evaluate whether this sign of recovery is to be confirmed or not. 
Burning seemed to increase the number of earthworms on the burnt area. The soil 
macroarthropods had lower densities in the burnt clear-cut than in the unburnt 
clear-cut and the mature forest. The most dominant aboveground invertebrates 
were leafhoppers, Cicadellidae, which became very abundant in the burnt plots in 
2001 and 2003. With the exception of Cicadellidae, no macroarthropod group 
responded with increases in abundance after clear-cut burning at Bjuråker 256. 
 
Oribatid mites are known to be more sensitive to disturbances than collembolans 
and mesostigmatid mites (Lindberg & Bengtsson, 2006). Proturans also responded 
more dramatically than collembolans and mesostigmatid mites in my study, but 
data on proturan sensitivity to any kind of disturbance are scarce in the literature.  
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Fig. 4. Collembola responses to fires at different severities at the experimental sites  
used in this thesis. Bjuråker 256=moderate prescribed burn, Tyresta BF=moderate to deep 
wildfire, Tierp 1=light prescribed burn, Tyresta SF=light wildfire. 
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Fig. 5. Mesostigmata responses to fires at different severities at the experimental sites used 
in this thesis. Bjuråker 256=moderate prescribed burn, Tyresta BF=moderate to deep 
wildfire, Tierp 1=light prescribed burn, Tyresta SF=light wildfire. 
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Fig. 6. Protura responses to fires at different severities at the experimental sites used in this 
thesis. Bjuråker 256=moderate prescribed burn, Tyresta BF=moderate to deep wildfire, 
Tierp 1=light prescribed burn, Tyresta SF=light wildfire. 
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Fig. 7. Oribatida responses to fires at different severities at the experimental sites used in 
this thesis. Bjuråker 256=moderate prescribed burn, Tierp 1=light prescribed burn. 
 
Species composition 
In Tyresta SF no difference was found in total abundances for Collembola, but 
when a PCA was made, fire-related differences between the treatments were found 
(Fig. 8). The first axis (PC 1) explained 26 % of the variance, and was close to 
significant for fire treatment (p=0.066). Furthermore, the centre plot differed 
significantly from the forest along the first axis. The second axis (PC 2) accounted 
for 18 % of the variation and could be explained as a fire effect (p = 0.032).  
 
Karppinen (1957) found that oribatid mites had almost recovered in number of 
individuals 3-4 years after a fire, but the species composition still differed after 27 
years. Haimi, Fritze and Moilanen (2000) could also see a clear difference in 
community structure of collembolans due to fire, but not in total abundances. 
Lindberg and Bengtsson (2006) found evidence for total abundances not being a 
good measure of recovery, since the total abundances of an animal group returned 
to control values much faster than species richness and diversity indices. This  
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shows the importance of species determination and a high resolution when 
studying effects of disturbances. However, at Bjuråker 256 both Collembola and 
Mesostigmata showed no recovery in total abundance, but had partly recovered in 
terms of species richness. In contrast, oribatid mites showed an almost complete 
recovery in total abundance, but no recovery in species richness. The recovery in 
total abundance could be explained by an explosive increase in one single species. 
This further emphasizes the importance of studying total abundances and 
population responses of individual species in combination. 
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Fig. 8. PCA plot of the community composition of Collembola in Tyresta SF. The different 
treatments are F = unburnt forest, E = edge of transect, close to unburnt forest, and C = 
centre of the fire field. Samples were taken in 2001-2003.  
 
 
In Tierp 1, total abundances of Collembola and Mesostigmata recovered at the 
burnt plots as indicated by the comparison with the unburnt forest. When a PCA 
was made, differences between the burnt sites and the unburnt forest were seen 
(not shown) although this can partly be attributed to a general clear-cut effect. 
Even if there was a recovery in total abundances there were still differences in 
species composition. This means that none of the areas studied in this thesis had 
soil animal communities that had completely recovered after fire for the first three 
to five years.  
 
Diversity 
The mean number of Collembola species was lower at the burnt plots than in the 
unburnt forest in Tyresta BF all years. In Bjuråker 256 there were fewer species at 
the burnt clear-cut than at both the unburnt clear-cut and the forest. The number of 
species was lower only during the first two years according to the rarefaction 
method. In Tierp 1, the mean number of species was lower during spring and 
autumn in 2002, the burn year also according to rarefaction. No difference in 
expected number of species based on rarefaction was found in Tyresta SF, even 
during the fist year. Species number, both mean numbers and expected numbers 
based on rarefaction, of oribatid mites were lower in both Bjuråker 256 and Tierp 
1.  
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Hence, there was a general decrease in the number of Collembola species shortly 
after a fire. This is probably due to the fact that many of the surface-living species 
die in the fire and that the habitat is highly altered during the first years after 
burning. Collembolans are good dispersers with short generation times (Hopkin 
1997). This is most likely why they can come back shortly after a severe 
disturbance.  
 
The effects on species number of oribatid mites were more long lasting. Oribatid 
mites are often considered to have a higher degree of ecological specialisation than 
collembolans (Norton, 1985; Norton, 1994) and they are in many cases reported to 
be slow dispersers (Hutson, 1980a; Hutson, 1980b; Huhta, 1979). A longer 
recovery time is therefore expected for Oribatid mites with regard to species 
richness.  
 
Simpson’s diversity index was lower for Collembola at the burnt clear-cut in 
Bjuråker 256 than in both forest and unburnt clear-cut. The diversity was lower at 
the burnt plots in Tyresta BF, but increased closer to the forest with time. 
Collembola diversity was lower at burnt plots also in Tyresta SF and Tierp 1. 
Simpson’s evenness measure for Collembola was lower in Tierp 1, whereas it was 
higher the first two years in Bjuråker but later it dropped dramatically. No 
difference in Simpson’s evenness index could be found in Tyresta BF and SF. The 
Simpson diversity index for Oribatida was lower both at Bjuråker and Tierp 1, 
while the evenness measure was higher.  
 
The fact that diversity is lower at burnt sites can be explained by either a reduction 
of species richness or a shift in dominance structure between species. The 
Simpson diversity index (1/D) is regarded to be sensitive to increasing dominance 
of certain species (Magurran, 2004) in addition to having a richness component. 
For Collembola, diversity at burnt plots was lower than at unburnt plots, but the 
number of species was not always lower. This indicates that some dominance 
shifts occurred. The most dominant Collembola species in the forest made up 
between 17 and 36% of the total abundance, while the most dominant species 
could make up as much as 81% of the total abundance at the burnt plots. The 
lower evenness measure for Collembola indicated the same thing, namely that the 
species were less evenly distributed. For Oribatida, no such big shift in dominance 
occurred. The increased evenness values for Oribatida indicated that rare species 
disappeared, making the remaining species more evenly distributed.  
 
Fire severity 
Burn depth can be expected to have a big impact on soil fauna. Fire severity 
affects the numbers of various arthropods (Vlug & Borden, 1973; Wikars & 
Schimmel, 2001; Hening-Sever, Poliakov & Broza, 2001), and in my study hard-
burnt plots contained fewer individuals than light-burnt plots. Generally, the 
mortality of ground-living arthropods seems directly related to the combustion of 
the litter and organic soil during the fire (Bellido, 1987). Fire destroys the 
preferred part of the soil habitat for most soil organisms, i.e. the litter and 
uppermost humus layer, or if the fire is very severe, the entire humus layer. This  
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habitat destruction is likely to be the most important factor affecting survival in the 
soil both during and after a fire.   
 
The recovery rates found for Collembola and Mesostigmata at the four 
experimental sites in my study indicate that fire severity can explain most of the 
differences found. The total abundances in the two severe fires (Tyresta BF and 
Bjuråker 256) showed no recovery after five years, while the abundances in the 
light fires (Tyresta SF and Tierp 1) recovered within some months after the fire or 
showed no reaction to fire at all. In Bjuråker 256, which was an experiment with 
two blocks, one of the burnt plots had a higher degree of humus combustion than 
the other. Enchytraeidae, Collembola and Mesostigmata all occurred in lower 
numbers in the more severely burnt plot than in the less severely burnt plot in 
1999.  
 
Distance to unburnt areas 
No effect of distance to unburnt areas could be seen on microarthropod recovery 
in Tyresta BF, other than an increase in diversity with time closer to the forest 
(Tab. 2). This could be due to dispersal of species from the forest and into the 
transect. The mean number of species found in the burnt area was indeed lower 
than in the forest, especially in the centre. The decreasing species number along 
the transect could also be explained by a decreasing number of individuals found 
along the transect. There was also a very big shift in dominance structure in the 
burnt areas compared with the forest. The most dominant species in the forest in 
2001 (Mesaphorura yosii) was making up 24 % of the total population. This is to 
be compared with 26 % (Protaphorura armata) in the edge treatment, 38 % 
(Sminthurides schoetti) in the middle and 81 % (S. schoetti) in the centre of the 
transect. The decrease in Simpson’s diversity index towards the fire centre could 
indicate changes in dominance resulting from species having lower dispersal along 
the transect. However, no clear changes in Simpson’s evenness measure could be 
detected.  
 
Table 2. Mean values of Simpson’s diversity index in the transect in Tyresta in BF 2001-
2003 for Collembolans. F = unburnt forest, E = edge (burnt area close to the forest), M = 
middle of transect, C = centre of the fire field. Values with different letters are significantly 
different (p<0.05) 
 
Area  Index  Treatment  2001 2002 2003 
Tyresta BF  Simpson’s D  F 
E 
M 
C 
7,4
a
6,5
 b
4,3
 b
1,5
 b
6,0
 a
4,7
 ab
4,5
 b
3,3
 b
6,5
 a
6,8
 ab
4,4
 ab
3,9
 b
 
No effect of distance to unburnt forest was seen on total abundances in Tyresta SF, 
but a PCA showed that the first axis showed significant differences between the 
unburnt forest and the centre plots in the transect (Fig. 8), whereas the edge plots 
were intermediate in species composition. 
 
The lack of clear and consistent effects of distance on recovery rates may be 
explained by the very heterogeneous nature of fire fields. Some areas have burn  
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with low intensity (Esseen et al., 1997; McCullogh, Werner & Neumann, 1998) 
and can serve as refugia for organisms, whereas others burn harder. It is possible 
that those areas play a more important role in the recolonisation process than 
distance to unburnt forest.  
 
Another possible explanation is that distances of 100 to 600 m in a transect are not 
an appropriate scale to detect dispersal in microarthropods. If the distance from 
source area is too long, poor dispersers have not arrived yet. Active dispersal in 
microarthropods can be very slow (Ojala & Huhta, 2001), but most 
microarthropods are still reported to have rather good dispersal abilities (Dunger 
& Wanner, 2001). Surface-active species of microarthropods can be passively 
distributed by wind or run-off water, or they may disperse actively (Freeman, 
1952; Hertzberg, 1997; Zhao & Amarine, 1997). Recolonisation of disturbed areas 
by gamasid mites often occurs by wind or phoresy on insects (Binns, 1982). There 
is also the possibility that microarthropods can be transported by other animals 
than arthropods, such as birds (Krivolutsky, Lebedeva & Gavrilo, 2004). Since 
many microarthropods seem to be good dispersers, there is also the possibility that 
the transect was too short to detect differences in dispersal. But in that case, 
dispersal limitation would not be a problem in recolonisation of fire areas.  
 
Many authors seem to think that recolonisation after a fire is mainly by 
recruitment from surviving individuals remaining in the soil (Tamm, 1986; 
Winter, Schauermann & Schafer, 1980; Koponen, 1989; Bellido, 1987). In Tyresta 
BF, lower number of species was found at the burnt sites than in the unburnt 
forest, but the sample size (number of individuals) was much smaller at the burnt 
sites. In Tyresta SF, rarefaction showed that the differences in number of species 
were mainly due to differences in the number of individuals sampled. That 
indicates that most species probably survive in the soil. Parthenogenesis has been 
shown to be an advantageous trait for colonising species (Baur & Bengtsson, 
1987), and many soil microarthropods are parthenogenetic (Lindberg & 
Bengtsson, 2005). Since species seem to survive in the field, this means that they 
can come back without depending on dispersal from areas outside the fire area, 
which in turn means that a delay in recovery indicates a lack of resources or 
habitat for species or individuals.  
 
Buddle  et al. (2006) compared arthropod assemblages in burnt and harvested 
forest. Fewer arthropods were caught in the burnt stands almost three decades after 
disturbance. This was partly explained by the reduction of the organic horizon that 
normally follows most wildfires. The re-establishment of this horizon may take 
many years. The post-fire restoration process of forest litter thickness in Scots pine 
in the Kola Peninsula and western Siberia has been shown to take 90-100 years in 
forest of thelichen type and 120-140 years in the green moss type (Gorshkov, 
Bakkal & Stavrova, 1996). So, a complete recovery of the soil-dwelling 
microarthropod community is not to be expected in many years. Fire normally 
occurs in the Swedish boreal forest with intervals of 50 to 200 years (Zackrisson, 
1977; Engelmark, 1984). This means that our study only covers a very short 
period of the fire cycle, 0-2 years after the fire in the small fire area and 3-5 years 
in the big fire area.   
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Species specific responses to fire 
Several species reacted to fire in the different fire experiments. The vast majority 
decreased in numbers because of fire. Two species of Collembola (Willemia 
anophthalma and Friesea mirabilis) and one species of Mesostigmata (Veigaia 
nemorensis) decreased in all places investigated. F. mirabilis was able to recover 
after some time in the less severe burns Tyresta SF and Tierp 1. Two Collembola 
species occurred in higher numbers in burnt plots than in unburnt plots. 
Sminthurides schoetti occurred in high numbers in the burnt plots in Tyresta BF. 
This species is mainly living in Sphagnum cushions and was sampled in high 
numbers in the burnt plots. Bourletiella hortensis was found in the burnt clear-cut 
in Tierp 1 in 2003 and 2004, and occurred in higher numbers at the hard-burnt 
plots. This species was found at burnt sites in an earlier fire study (Tamm, 1986) 
and is known to occur in open areas (Fjellberg, 1980). One Collembola species 
was found in one of the burnt sampling plots in Tierp 1 in 2004 only. The species 
Sminthurinus trinotatus is normally found only in greenhouses in Nordic countries 
and is probably a new species for Sweden (A. Fjellberg, pers. comm.).  
 
The oribatid species Oribatula tibialis and a plant-sucking Cicadellidae species 
responded with large population increases some years after burning in Bjuråker 
256. Oribatula tibialis also increased at the unburnt clear-cut. The prostigmatid 
mite Nanorchestes sp. responded to burning in a complex way. After an initial 
decrease by burning, no differences could be seen between the burnt and the 
unburnt clear-cut the second year. The third year after burning the numbers of 
Nanorchestes sp. in the burnt clear-cut exceeded the numbers in the unburnt clear-
cut. In 2003 the numbers decreased again with lower numbers at the burnt clear-
cut.  
 
These species are examples of species that are favoured by fire in some way, but 
they are probably not fire-dependent species. No fire-dependent species of soil 
mesofauna were found in my study.  
 
Lethal temperatures (paper IV) 
The direct decreases of the abundances after of fire in Tierp 1 showed that animals 
are killed directly by the fire itself. The most possible cause of death is heat that is 
transported into the soil during the fire. In a laboratory study of lethal 
temperatures on humus-living microarthropods (paper IV), I found that at 
temperatures above 36 ºC all animal groups studied started to decrease in number 
after an one-hour exposure. After a 4-hour exposure Collembola (Fig. 9), Protura 
(Fig. 10) and Mesostigmata (Fig. 11) started to decrease at 32 ºC and at 30 ºC after 
a 12-hour exposure. Oribatid mites (Fig. 12), both juveniles and adults, decreased 
in numbers when the temperature became 34 ºC or higher after both 4 and 12 
hours of exposure.  
 
Terminal death point (TDP, i.e. the highest possible temperature for life (Madge, 
1965) has been reported to vary between 33 and 48 ºC for Collembola (Thibaud, 
1977a; Thibaud, 1977b; Hodkinson et al., 1996; Choudhuri, 1963), and between  
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28 and 45 ºC for Oribatida (Madge, 1965, Hodkinson et al., 1996). Species living 
on the soil surface and in the vegetation can withstand higher temperatures than 
hypogeic animals (Thibaud, 1977). In my study, only humus-living animals were 
tested, and this probably shifted the TDP-values downward at group level, since 
surface-living species are more tolerate to high temperatures. 
 
It is not easy to predict heat penetration in the soil during a fire. Soil texture and 
moisture are key variables regulating the downward and lateral transport of heat in 
the soil (Busse et al., 2005). In boreal forest systems, there is often an 
accumulation of a distinct organic soil layer that may insulate against heat 
penetration during fire (Schimmel & Granström, 1996). Schimmel & Granström 
(1996) measured temperature distribution in the soil during fires in northern 
Sweden. In the top mor layer, the time with temperatures above 60 ºC varied from 
less than 1 minute to 75 minutes. In the mor humus, the depth at which 60 ºC was 
reached was in the range of 20-30 mm below the char. However, my studies 
indicate that lethal temperatures for soil fauna are much lower, in the order of 30-
40 ºC. These temperatures are likely to be found deeper in the soil and persist for 
longer duration.   
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Fig. 9. Mean abundances (S.E.) of Collembola at different temperatures (5, 30, 32, 34, 36, 
38, 40, 42, and 44 ºC) and exposure times (1 h, 4 h and 12 h). The predicted curves from the 
regression analysis are also shown in the figure. 
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Fig. 10. Mean abundances (S.E.) of Protura at different temperatures (5, 30, 32, 34, 36, 38, 
40, 42, and 44 ºC) and exposure times (1 h, 4 h and 12 h).   
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Fig. 11. Mean abundances (S.E.) of Mesostigmata at different temperatures (5, 30, 32, 34, 
36, 38, 40, 42, and 44 ºC) and exposure times (1 h, 4 h and 12 h).  
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Fig. 12. Mean abundances (S.E.) of Oribatida at different temperatures (5, 30, 32, 34, 36, 
38, 40, 42, and 44 ºC) and exposure times (1 h, 4 h and 12 h). The predicted curves from the 
regression analysis are also shown in the figure. 
 
 
Conclusions 
All soil fauna species responded with decreased abundances one week after 
burning. This decline can partly be explained by too high temperature, because 
most collembolan and oribatid species cannot survive temperatures above 36-40 
ºC, and this temperature can be reached several centimetres below the charred soil 
surface. Long-term recovery rates differed between soil fauna groups and between 
different fire severities. In fires with light severity (one wildfire and one 
prescribed burn), total abundances of Collembola and, in one case, Mesostigmata, 
recovered within one year. In fires with moderate to strong severity (another 
wildfire and another prescribed burn), almost all animal groups needed more than 
five years to recover as regards abundance and species number. Individual species 
had different response patterns. Surface-living species were more subjected to fire  
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than species living deeper in the soil, and although surface-living species have 
generally better dispersal ability, their recovery was probably delayed by the 
destruction of the topsoil resources and habitats. Only a few species had 
significantly higher abundances 3-5 years after moderate/strong burning, whereas 
most species studied recovered after a light burning. Consequently, fire severity 
(burn depth) seems to be a decisive factor explaining survival and recovery rate of 
soil mesofauna, and this factor should always be considered when fire effects on 
soil organisms would be evaluated in forthcoming studies.  
 
Wildfires normally burn more intensively than prescribed burns and are more 
heterogeneous. My studies suggest that the most important factor affecting soil 
living organisms is most likely burn depth. In this thesis I have studied two severe 
fires, one wildfire and one prescribed burn, as well as two light fires, one wildfire 
and one prescribed burn. The largest differences seem to be between the different 
fire severities, and not between wildfires vs. prescribed burns, indicating that for 
soil fauna, prescribed burns can be quite good in mimicking wildfires. Most soil 
animals suffer from burning, at least on a short-term basis. There are, however, a 
few species that are favoured by burning or by the disturbance. Fire is a natural 
disturbance in the Swedish forest, and all species inhabiting the forest soil have 
probably encountered fire in their evolutionary past. This means that they should 
be able to survive and recover from a fire disturbance. I find it unlikely that soil 
fauna would be threatened by the present fire frequencies and severities for their 
long-term survival. 
 
Studying fires, especially wildfires, is complicated and the experiments can be 
almost impossible to replicate. This means that the interpretation and generality of 
the present results can be questioned. However, fire is an important disturbance 
agent in many ecosystems worldwide, and despite these problems it is still 
important to study the effects of wildfires. If more studies on the effects of 
wildfires on soil fauna are undertaken in the future, a meta-analysis can be used to 
confirm (or reject) my results. If we do not study wildfires because of the lack of 
replication, such analyses will not be possible, and important information will be 
lost.  
 
 To sum up, in this thesis I have shown that: 
 
Fire severity is probably the most important factor determining how forest soil 
fauna is affected by fire.  
 
In more severe fires, loss of habitat and resources results in a slow recovery of 
most soil faunal groups. In light fires, surface-living species are most affected and 
recovery rates may differ between species and higher taxa depending on e.g. 
distance to source areas. Oribatida were more affected than Collembola and 
Mesostigmata.  
 
Lethal temperatures for soil fauna is in the order of 30-40 ºC, which implies that 
soil animals may be more severely  affected than previously believed based on the 
distribution of temperatures above 50-60 ºC.   
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Prescribed burns as a biodiversity conservation method is unlikely to be good for 
forest soil fauna, and has additional effect to clear-cuttings. However, few if any 
soil animal species are likely to be threatened by present fire regimes. Since there 
are small differences between the effects of prescribed burns and wildfires on 
forest soil fauna, the present results do not question the use of this method for 
conservation of other components of forest ecosystems. 
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Ia Jerneborg- föredetta granne, god vän och barnpassare. Det hade blivit riktigt 
tufft ibland om inte Axel hade fått vara hos dig! Tack också för gott kaffe och 
många roliga och intressanta samtal och inte minst för ett jätte fint omslag till den 
här avhandlingen! 
 
Min ”gamla familj” med Mamma och Pappa i spetsen. Stort tack för allt stöd och 
all uppmuntran genom åren. Tack för att ni är de ni är och för att ni är världens 
bästa föräldrar!  
 
Storasyster Åsa och lillebror Mats med familjer. Tack för att ni alltid finns där. 
Stort tack speciellt till Rickard, Maria och Darell för att ni är så mysiga 
syskonbarn och härliga storkusiner! Vi hoppas en dag få småkusiner också... 
 
Min ”nya familj”. Bo och Ulla Malmström, Faffa och Mommo. Stort tack för att 
jag får vara en självklar del av eran familj och för att ni alltid ställer upp när vi 
behöver hjälp. Vare sig det rör sig om billån, husrenovering eller barnpassning!  
 
Axel. Tack för att du kom och ställde allt på ända! Stort tack för att du ger en 
avhandlingsskrivande mamma perspektiv på tillvaron och får mig att inse att det 
trots allt är viktigt att också hinna sitta i sandlådan en stund! Jag älskar dig mer än 
det går att skriva i ord! 
 
Lillsprattel (Tora?). Tack för att du hållit mig sällskap under sena kvällar på 
kontoret och sparkat till mig ibland när jag behövt det! Tack för att du ger mig 
framtidstro! Mamma längtar efter dig! 
 
Patrik. Du är min bästa vän och min vackraste make. Utan dig vore livet minst 
dubbelt så tungt och inte ens hälften så roligt! Tack för alla fantastiska äventyr jag 
har upplevt med dig och alla vi ska uppleva framöver! Stort tack för all hjälp 
under min tid som stressande slutspurtsdoktorand! Jag älskar dig –massor!   